Abstract. We present a case study of business architecture development by students working in socially networked groups. In this case study we emulated a self-development of an evolutionary information system. The "client system" in this emulated project was medical laboratory information system. In the role of the "change agent" were students of two different specialties: medical technology students (one group) and IT students (another group). We describe the process and results of the first (finished) phase of strategic analysis where the initial business architecture was developed. Later on this business architecture will be utilized as a platform for (social, self-) development of business processes and software. Medical technology students (knowing the problem) played the business process owner/analyst dual role. IT students (knowing IT-related solution patterns for the problem and processes) played the business designer role. The relationships between (and inside) the two groups/communities were managed using Google Sites (social) software.
Introduction
The global information society has given rise to dynamic networked organizations (NWO) and enterprises. NWO is a term that is used to describe a variety of new emergent organizational structures such as virtual and learning organizations [1, 2, 3] , which operate and evolve on the level of information system (IS). We can use the term of NWO as a synonym for a "contemporary or future organization". The success of such organizations depends on their ability to adapt to the environment and learn.
In the process of organizational learning, organizations are restructuring many relationships internally and externally to respond to the demands of a shifting market [4] . Internally companies disaggregate into smaller units focused on welldefined market opportunities. Externally companies increasingly partner with other organizations and form extended enterprises. Extended enterprise is a kind of NWO that forms on the level of enterprise IS (EIS) and embraces members from both its internal and external environments. From the above description follows that such NWO consist of relatively autonomous sub-units. Because of that, they can be adequately described by using the concept of agents. We define an agent as "an entity that performs a specific activity in an environment of which it is aware and that can respond to changes" [5] . Agents (in the same environment) can form multi-agent systems [5] . In the context of organizational learning, the agent may be termed as "change agent" and the environment as "client system" that can respond to organizational changes [6] . NWO is then a multi-agent system that forms (operates and evolves) in some IS environment as a result of the system-or development work [7] performed by agents. NWO forms on the basis of core competences and resources of the organization and is owned by independent agents. Each constituent agent of a NWO can play different roles and manages a set of business rules. Agents of a NWO form social networks [8] , which can be managed with social software [9] .
Social networks (in general) deal with agent relationship management. In the context of extended enterprise, social networks can be described using business process management (BPM) [10] lingua. We interpret a business process as a (specific) relationship/collaboration between two or more agents, playing the roles. In current case the roles are either business process owner/analyst role (medical students) or business designer role (IT students).
The main operational and learning environment for a networked organization and its business processes is its information system (IS). IS should be evolutionary [11] . The evolutionary information system is able to survive over time and has built-in support to handle evolutionary changes [12] . Therefore, in addition to traditional information and communication services of IS, the evolutionary IS should also provide and support services for the development of business processes and software.
Self-development of an IS is defined as a decentralized IS development model, where the whole system is not directly developed, but each agent develops its own part or role as an area of responsibilities in this whole [13, 14] . We define a selfdevelopment subsystem as a part of an evolutionary IS that is responsible for handling all aspects and services for the evolutionary self-development (change) of IS. Both, the evolutionary IS and its self-development subsystem, are socio-technical systems [15] with a social (business) and a technical (IT) parts. In the selfdevelopment subsystem we utilize the End-User Development (EUD) model in the context of networked organizations [16, 17] .
Social self-development (SSD) is a community-supported self-development of a socio-technical system based on social networks. In this article we present a case study of enterprise information system self-development by students working in socially networked groups. In this case study we emulated a social self-development of an evolutionary information system. This case study has been conducted according to the action research (or action learning) methodology described in [6] . The "client system" in this emulated project was medical laboratory information system. In the role of the "change agent" were students of two different specialties: medical technology students forming one group and IT students making up another group. We describe the process and results of the first phase of strategic analysis where the initial business architecture was developed. Later on this business architecture will be utilized as a platform for social self-development of evolutionary information systems. We focus on analyzing the relationships between our social selfdevelopment and the action research methodologies (processes). The main research problem is: how do we research and develop evolutionary IS in enterprises.
In section 2 we introduce our action research framework. In section 3 the main results and lessons learned are presented. Section 4 provides conclusions.
An Action Research Framework
According to Checkland [18] , any piece of research may be thought of as entailing a particular framework of ideas F that is used in a methodology M to investigate some area of interest A. In the research reported in this article, A is evolutionary enterprise information system, F is social self-development, and M is action research. The initial research question or problem is: how these three topics are related and work together?
Area of Interest: Evolutionary Enterprise Information Systems
Our research area (A) is evolutionary enterprise information systems. An evolutionary IS is able to survive over time and has built-in support to handle evolutionary changes. Information system is a socio-technical system that has social (business) and technical (IT) parts. An evolutionary information system can be continuously changed by its constituent agents. Agents can be human agents (persons, organizational units, groups of persons) as well as "man-made" software agents. This means that evolutionary IS can be understood and described as a multi-agent system [5] .
The evolution has two "sides": continuous work improvement [19] and software evolution [20] . Business process evolution, which is a sub-domain of the business process management (BPM) [10] domain, bridges both evolution sides [21] . IS evolution is often considered as being only (or mainly) the evolution of the software [22] . This kind of software evolution is often considered at the later stages of software development (implementation, execution), mostly adopting pragmatic approaches [22, 23] only. Our approach is an architectural approach.
Our starting point is that evolution is a matter of architecture. System's architecture consists "fundamental concepts or properties of a system in its environment embodied in its elements, their relationships, and in the principles of its design and evolution" [24] . Evolution of enterprise IS is a matter of enterprise architecture (EA). Enterprise architecture is the "[enterprise] conceptualization of the form, function, and fitness-for-purpose of a system in its environment, as embodied in the elements of the system, the relationships between those elements, the relationship of the system to its environment and the principles guiding the design and evolution of the system" [25] .
In model driven development (MDD) approaches [26, 27] , an EA is described by a meaningful and useful set of enterprise models [25, 28] for (and owned/evolved by) large sub-communities of the enterprise. The evolution of the models is guided by a meta-model that describes a more stable but in principle evolving metaarchitecture [28] . If this meta-architecture is implemented as a core subsystem of EIS, we have evolving EA [29] . The business architecture [30] is a part of an EA, which's describing set of models corresponds to the first two rows of the Zachman Framework [31, 32] , representing respectively the Executive Perspective and Business Management Perspective.
To handle model-driven evolution, an evolutionary IS should also provide and support services for the development of business processes and software, in addition to traditional information and communication services If the development is performed by agents of an IS in a social manner, we can talk about social selfdevelopment, which is addressed by next subsection.
Framework of Ideas: Social Self-Development
Our framework of ideas (F, Checkland [18] ) is social self-development that combines ideas from end-user development [33] , developmental work research [19] , metadesign [34] , and infrastructuring [35] . Infrastructuring is defined as a bottom-up, participatory approach to EA development.
The solution of a self-development subsystem that was defined in section 1 can be based on the meta-design (MD) theory. According to MD, one of the main weaknesses of designing (architecting) is related to evolutionary character of the design (architecture) and the incapacity of fully anticipating at design-time the needs and tasks of users [36] .
With the purpose of overcoming this limitation, MD aims at defining mechanisms that allow "owners of the problem" to become designers [37] . MD is defined as a conceptual framework that allows end-users to create contents by using sociotechnological infrastructure, in which people can actively participate [38] . We define enterprise IS self-development subsystem as an enterprise-wide MD framework, which follows the concepts of evolving enterprise architecture and infrastructuring.
The MD has become a leading theory for end-user development (EUD) [34, 35] . The EUD is defined in [33] as "the set of methods, techniques, and tools that allow users of software systems, who are acting as non-professional software developers, at some point to create or modify a software artifact". In the context of enterprise IS that we interpret as socio-technical systems, the EUD requires a complementary method for continuous work improvement. Syrjanen and Kuutti have proposed developmental work research [19] as a potential method to be coupled with EUD to deal with work improvement aspects needed to implement EUD in organizational environments.
Our architectural approach to social self-development (SSD) of evolutionary information systems requires proper methods and work products for continuous work improvement supported by EUD of software applications.
We see social self-development defined in section 1 as a method for both EUD and MD that is applicable in the context of networked organizations. An important goal of our research is to apply and extend MD theory in the context of extended enterprises and evolutionary information systems in order to describe and implement a platform for SSD of EIS.
Methodology: Action Research
Our research is conducted according to the Action Research methodology [39] . Action Research (AR) is known by many other names like participatory research, collaborative inquiry, emancipatory research, action learning, and contextual action research. AR can be seen as a kind of practical problem solving approach. The essence of the approach is "learning by doing" -a group of people identify a problem, do something to resolve it, see how successful their efforts were, and if not satisfied, try again [39] . AR aims to contribute both to the practical concerns of people in an immediate problematic situation and to further the goals of (social) science simultaneously [40] . According to Reason & Bradbury in [41] , AR is an interactive inquiry process that balances problem solving actions implemented in a collaborative context with data-driven collaborative analysis or research to understand underlying causes enabling future predictions about personal and organizational change).
AR occurs as collaboration between a "client system" and a "change agent" (who is opposed to traditional "observer"). For AR performed by our research group, a "client system" is a concrete enterprise for which we perform problem domain analysis and the "change agent" is our university's research group. It is important that in our SSD approach, not only an external research group, but each agent in the context of an (extended) enterprise is seen as a change agent who performs the needed changes in the context of its own roles and responsibilities defined by them. This is in harmony with the Developmental Work Research approach [19] , which we also view as a special version of AR
Case Study: Action Learning on Medical Laboratory
As an example case study for our AR, this article presents a real action learning process in the context of the subject "Teamwork in Information Systems' Development" taught at our university. In the case study conducted, the 'client system' was Medical Laboratory with its Laboratory Information Management System (LIMS). In the role of the 'change agent' were students of two different specialties: students of medical technology forming one group and IT students making up another group. In this article we describe the process and work products of the first finished phase of problem domain analysis that produced initial business architecture. Within this process, the students of medical technology played the dual roles of core business process owners and business analysts knowledgeable about the problem. The IT students played the roles of business designers knowledgeable on possible ITenabled solutions for the problem.
The relationships between and within the two groups and also work products created and changes introduced by them were managed by Google Sites social software. In the context of each agent's role, which was defined in terms of its responsibilities, a diary was written, which reflected the process of playing and developing this role (analogously with the situation in a theatre, where each actor would write a web-based diary or blog between performances; an entry in the diary would usually reflect (from the viewpoint of the writer) a particular performance (but sometimes might express more general knowledge). Such learning model is in good harmony with the Action Research methodology.
Limitations
An important limitation of the work is that we simulated the action research setup with students -thus it would be rather a kind of lab experiment because students "played" practitioners. That is close to but not the same like "really doing it". Therefore we plan to repeat similar action research with a real enterprise.
Social Self-development within Enterprise Business Architecture: Our Methodology
In this section we present the main results of and lessons learned from the action research project introduced in the previous section. The results include the work products of the problem domain analysis of a medical laboratory and its IS (LIMS). At the meta-level, our research results also include the problem domain analysis of our problem domain analysis methodology and its IS (as a part of LIMS SelfDevelopment Subsystem, which includes a software factory described in [42] ).
Strategic Analysis of the EIS (LIMS)
In this section we describe the process and work products of the first finished phase of the problem domain analysis that produced an initial version of the business architecture descriptions of the enterprise -Medical Laboratory. We will next view our methodology and its usage from three perspectives: Product Perspective, Process Perspective, and Self-Development Perspective.
The Product Perspective. According to our problem domain analysis methodology [43, 13] , the overall work product termed as Enterprise Architecture (EA) is composed of the following three sub-architectures:
· Business Architecture; · Technology Architecture; · Development (Work) Architecture. In the context of the student project, we focused on describing the Business Architecture. A snapshot of the description of the Business Architecture of the Medical Laboratory is depicted in Figure 1 .
According to our methodology, a Business Architecture is described by the following three interrelated views:
· Organizational view; · Functional view; · Informational view. An Organizational Subsystem can be represented by a software agent [5] , for example, by a Laboratory Specialist's Agent, which assists the respective human agent in fulfilling its professional responsibilities as well as the responsibilities that are concerned with the (self-)development of the EIS. An example of an Organizational Subsystem's description is given in Figure 2 .
The Functional view reflects the process decomposition of an enterprise, and consists of Functional Subsystems. A Functional Subsystem of an EIS describes and implements a major Business Process as a potential service in the context of the EIS as a socio-technical system. In the context of the Medical Laboratory, examples of Functional Subsystems are Pre-Analytical Subsystem, Analytical Subsystem, and Quality Subsystem, which describe and implement the respective Pre-Analytical, Analytical, and Quality Management Business Processes. According to the theory of Meta-Design proposed in [34] , such Functional Subsystems can be handled as Business Process Archetypes.
The Informational view reflects the structure of conceptual objects (informational architecture) of an enterprise, and consists of Informational Subsystems called Registries of EIS. A Registry describes and/or implements a major Business Object in the context of an EIS as a socio-technical system. In the context of the Medical Laboratory, examples of Informational Subsystems are Registry of Samples, Registry of Analyses, and Registry of Equipment. Such Registries are similar to Business Archetype Patterns proposed in [42] . The Process Perspective. We next address the Process Perspective of Enterprise Business Architecture Development.
According to our methodology, the Enterprise Business Architecture Development process is owned by a player of the Enterprise Business Architect role, which is responsible for the overall Business Architecture of the Enterprise.
The Enterprise Business Architect works together with players of the Business Analyst and Business Designer roles.
A Business Analyst is responsible for models and descriptions of one or more Organizational Subsystems of an enterprise.
A Business Designer is responsible for models and descriptions of one or more Informational Subsystem(s) (Registries).
We decompose the process of Enterprise Business Architecture Development proposed by us (v. Figure 3) into the following three sub-processes:
· Strategic Business Analysis (performed by all Business Analysts) · Strategic Business Design (performed by all Business Designers) · Managing and Evolving the Whole (performed by the Business Architect). Strategic Business Analysis is a part of the more general process of Business Analysis that is performed in the problem domain analysis phase of EIS development. Strategic Business Analysis is performed in the context of concrete Organizational Subsystems to be analyzed that are assigned to concrete Business Analysts. In the perspective of Self-Development, our goal is to educate and support business actors (agents) who are able and interested in acting as Business Analysts of their own Organizational Subsystems. For example, a Laboratory Specialist in a Medical Laboratory represented in Figure 2 should be able and interested in analyzing and modeling the Organizational Subsystem in the problem sub-domain of laboratory work in concert with the responsibilities defined by his/her role. In our student project, the students of medical technology played the dual roles that combine a laboratory-specific role with the Business Analyst's role. Each student was responsible for one or two Organizational Subsystems. Strategic Business Analysis of an Organizational Subsystem was divided into the following two major phases in a "bottom-up" manner:
· In the first phase of strategic business analysis, a student "playing" a laboratory-specific role described and modeled the vision of his/her Organizational Subsystem individually (in principle, such a part might alternatively be played and described by a team or community); · In the second phase of strategic business analysis, the student coordinated her/his vision/descriptions with "players" of related laboratory-specific roles (this is a part of the "horizontal coordination" activity over the whole Organizational view), and established the necessary change requests in order to change concrete Functional and Informational Subsystems. For example, the student who played the Laboratory Specialist role, coordinated her work products (one of them is depicted in Figure 2 ) with the players of the roles of Technician, Maintenance Engineer, Quality Manager, and Doctor; and created requirements and change requests for the IT students, who served as Business Designers of the Quality, Maintenance, Analytical, Learning, and Documents
Business Analyst Figure 2) . During the second phase, sub-communities of cooperating Business Analysts and Business Designers were formed around the Organizational Subsystems, with the help of the social software. In the context of the Action Research (AR) methodology, which was briefly described in sub-section 2.4, the "bottom-up" sub-process of Strategic Business Analysis corresponds to the collaborative analysis and research activity with the purpose to understand one's area of concern or problem sub-domain. For the latter, the "top-down" sub-process of Business Design creates an IT-enabled solution. Strategic Business Design is the part of the more general process of Business Design that is performed in the context of the Strategic Analysis phase of EIS development. Strategic Business Design is focused on major business objects that are assigned to concrete Business Designers. The business objects are primarily described as components of Informational Subsystems or Registries. The lifecycles of business objects are often managed by Functional Subsystems. For example, a central business object of the Laboratory is the biochemical Analysis (test), which is described by the Registry of Analyses and managed by the Analytical Subsystem. A Business Designer, who is responsible for specific business objects and Functional Subsystems related to them, can apply domain-specific or even more general solution patterns, which can be adapted differently in the contexts of different Organizational Subsystems, and even in different organizations (Laboratories). In the perspective of Self-Development, Business Designers belong to the context of the extended enterprise (Laboratory) as providers of respective development services supporting Social Self-Development.
In our student project, the role of Business Designer was played by IT students. Each IT student was responsible for two or three business objects and their respective Registries and Functional Subsystems. For example, one IT student was responsible for the Registry of Equipment, the Registry of Maintenance Works, and for the Maintenance Subsystem. This student worked in pair with a student of medical technology who represented the (Manager of the) Maintenance Department. The Business Design for these business objects and subsystems was also divided into two major phases, but in the following "top-down" manner:
· In the first phase of strategic business design, some general solution pattern for the business object and its Functional Subsystems was introduced by the Business Designer, and was integrated into the whole business architecture in collaboration with the Business Architect (played by one of the authors of the paper), and with the Business Designers of related objects and Functional Subsystems; · In the second phase of strategic business design, which occurs in the context of concrete Organizational Subsystems, the respective elements of the Organizational Subsystems were described on the basis of the respective elements of the Registries and Functional Subsystems that describe and implement the business object. For example, the Laboratory Specialist's view to his/her Organizational Subsystem was described on the basis of the elements of the Analytical, Quality, Documents, and Maintenance Subsystems, as is shown in Figure 2 . Good collaboration within pairs of a Business Analyst and a Business Designer (for example, the Laboratory Specialist and the Business Designer of the Documents), supported by the social software was regarded as a key to success of this phase.
The Managing and Evolving the Whole is the part of the Enterprise Business Architecture Development that is performed by the Enterprise Business Architect. This includes the tasks of building an initial structure of the architectural description that was introduced above as the Product Perspective of our methodology, deciding the division of labor according to Functional Subsystems between individual Business Analysts and Business Designers, supporting and coordinating the collaboration between individual Business Analysts and Business Designers, monitoring and changing the structure of the whole Enterprise Business Architecture, etc.
The Self-Development Perspective. In the Self-Development perspective of the Strategic Analysis Methodology, we consider the methodology proposed by us as a part of the Meta-Design (MD) framework that includes the domain-independent Meta-Design layer, the domain-specific Design layer, and the agent-specific Usage layer. These layers form a separate "abstraction-concretization" dimension that is orthogonal to the Organizational, Functional, and Informational views of the Enterprise Business Architecture described above. We plan to implement this MD framework as the Self-Development Subsystem of an EIS supporting the Social SelfDevelopment (SSD) of Business Processes and their underlying software applications in a similar fashion, but with a much higher quality compared to the student project described in this article. In the student project, the supporting infrastructure (software) included only the UML modeling software for describing and managing the business architecture, and the social software for relationship and change management in the form of blogs. The future Self-Development Subsystem will consist of subsystems for the following purposes: for Business Development (including Business Architecture Development, Strategic Business Analysis, and Strategic Business Design), for Technology Development (including Software Factories described in [42] ), for Evolutionary Change Management (including the blogs similar to the ones used in the student project), and for Simulation and Training.
Social Self-Development (of Enterprise Business Architecture) as Action Research
In our methodology, the EIS evolution is handled according to the general learning model of Action Research, which was described in sub-section 2.3, as follows:
· Agents of an (extended) enterprise, who play the dual roles of some business concepts' owners (v. the Product Perspective in section 3.1) and developers (Business Analyst, Business Designer, Business Architect), serve as 'change agents'; · The enterprise with its IS serves as the 'client system'; · The 'bottom-up' sub-process of Business Analysis serves as the 'data-driven collaborative analysis or research' (v. section 2.3); · The 'top-down' sub-process of Business Design serves as the 'collaborative problem solving or change', in the context of AR (v. section 2.3).
The version of AR proposed by us follows the SSD approach and its meta-model, both of which have been introduced in [17] .
Lessons Learned from the Action Research
The following major lessons were learned from the student project described in the current section: · The approach (SSD) is applicable in the collaborative learning contexts that are similar to our student project, but requires much richer supporting infrastructure; · Using the social software based on blogs is very useful in such contexts; · Similarly to the pair programming, we can also perform strategic analysis and design effectively in pairs of a "business person" (like a student of medical technology) and an "IT-person" (like an IT student); · Without continuous community-based modeling activity the SSD approach does not work.
Conclusion and Future Work
The research problem was: how do we research and develop evolutionary information systems of enterprises. In this paper, an approach to social self-development of evolutionary information systems was described. This approach was described by relying on the example of a real action research project that was performed in the context of the subject 'Teamwork in information systems development" taught at our university. The 'client system' was Medical Laboratory with its Laboratory Information Management System (LIMS). In the role of the 'change agent' were students of two different specialties: students of medical technology, forming one group and IT students, making up another group. The students of medical technology played the dual roles of core business process owners and business analysts, who are knowledgeable about the problem. The IT students played the roles of business designers knowledgeable on IT-enabled possible solutions for the problem. The relationships between and within the two groups or communities were managed by using Google Sites social software. We described the process and work products of the first phase of problem domain analysis that produced descriptions and work products of the business architecture of the enterprise under discussion -Medical Laboratory. We interpret the enterprise business architecture development methodology proposed by us as a core part of the resulting business architecture. Such architecture follows the concepts of meta-design, evolving enterprise architecture, and infrastructuring, and serves as a platform for further social self-development of business processes of an enterprise and their underlying software applications. The social self-development was defined as an agent-centric and community-supported development of a socio-technical (multiagent) system by means of social networks that are based on social software.
In the near future, we will design and develop a solution to self-development, where software agents representing organizational units or even individual roles engaged in self-development manage and coordinate the necessary collaboration and competition between them. Principles for this kind of solution are, for example, described in [44] . We will also elaborate the model-based description of our social self-development methodology, design its supporting toolset, and plan to use them in real enterprises engineering situations. Our methodology can be understood as a domain-specific version of the action research methodology, which is applicable for evolutionary information systems.
